To describe imaging features of infratentorial desmoplastic infantile or non-infantile tumors (DIT/DNIT). Materials and Methods: Four cases with infratentorial DIT/DNIT from our hospital and 5 cases from literature review were analyzed. Clinical data and MR imaging features were evaluated including location, size, shape, margin, composition, dural attachment, perilesional edema, and metastasis or multiplicity. Results: The mean age was 9.2 years (range, 1-18 years). Most of the patients presented with headache or vomiting (4/9, 44.4%) and had no underlying disease (8/9, 88.9%). The major pathologic subtype was astrocytoma (6/9, 66.7%). On MR, majority of the tumors involved cerebellum and/or spinal cord (8/9, 88.9%) and the mean size of the tumors was 4.2 cm (range, 3.2-5 cm). The tumors were mainly solid (4/9, 44.4%) or mixed (4/9, 44.4%) in composition with lobulated shape (7/9, 77.8%) and well-defined margin (7/9, 77.8%). Two cases (2/7, 28.6%) showed dural attachment and all the cases had no or minimal perilesional edema (100%). Metastasis or multiplicity was frequently seen in 44.4% (4/9). Conclusion: Infratentorial DIT/DNIT occurred in relatively older children and the major tumor type was astrocytoma. They also had atypical imaging features showing mainly solid or mixed in composition with frequent metastasis or multiplicity.
INTRODUCTION
Desmoplastic infantile or non-infantile tumors (DIT/DNIT) were first described in 1987 (1) and are rare supratentorial brain tumors (2) . These tumors involve a desmoplastic reaction with a dura mater adherent portion. The cellular areas of the tumor are characterized by neural cells of variable degrees of maturation (3) , which differentiate desmoplastic infantile ganglioglioma and astrocytoma. They are classified together in the World Health Organization classification as grade I (benign) (4) .
The reported typical imaging features of DIT/DNIT are supra-tentorial masses with a large cystic portion, small peripheral solid portion with contrast enhancement, predilection for frontal and parietal lobes, and meningeal enhancement suggesting dural attachment (5, 6) . However, since initially reported, more tumor cases with atypical imaging findings have been reported including tumors with less cystic and more solid portions, location outside the supratentorium, and no dural attachment (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . To the best of our knowledge, no study has systematically reviewed MR 
MATERIALS AND METHODS

Subjects from Our Hospital
The Institutional Review Board of our hospital approved this investigation, and written informed consent was waived. We retrospectively reviewed pathologically-confirmed DIT or DNIT cases in our hospital between 2005 and 2014. There were 5 cases of DIT identified in our database. One case was supratentorial DIT/DNIT and excluded. Ultimately, 4 cases from our hospital were enrolled in the study.
Subjects from the Literature Search
A comprehensive literature search using PubMed, a database created by the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/), was conducted in April 2014.
The key words were "desmoplastic infantile, " "desmoplastic non infantile, " and "desmoplastic non-infantile" and 112, 19, and 4 reports were retrieved using these key words, respectively. Among a total of 135 reports, 12 reports were duplicates and removed.
Additionally, 69 reports were excluded for the following reasons: 30 reports had insufficient information of tumor location; 29 reports were on an unrelated topic, such as review or epidemiology studies; 6 reports were written in a language other than English; and 4 reports did not have a full-text article available. Finally, 54 reports with 75 eligible cases were reviewed. Regarding the location, the tumor was classified as infratentorial if the main tumor was outside the intracranial supratentorial area, including the posterior fossa and spinal cord. Cases with multiple tumors in both supratentorial and infratentorial locations but without dominant tumor in supratentorial area were classified as infratentorial. Finally, among the 54 reports, 5 reports with 5 cases of infratentorial DIT/DNIT were reviewed for this study. Signal intensities on MR imaging were evaluated. The signal intensities of the solid portion of the tumor were described on T1-WI, T2-WI, and T1-WI with gadolinium enhancement. Additionally, the imaging findings were also described for other sequences such as diffusion-weighted image or MR spectroscopy.
Clinical and Imaging Features
RESULTS
Clinical Features
There were 5 male and 4 female patients. The mean age was 9.2 The most common pathologic subtypes were astrocytoma (6/9, 66.7%). The solid portion of the tumors from our hospital showed similar cellularity compared to pilocytic astrocytoma and relatively lower cellularity compared to medulloblastoma.
Imaging Features
MR imaging features of the 9 cases of infratentorial DIT/DNIT were summarized in Table 1 . Seven cases were strictly of infratentorial locations and the other 2 cases (Case 5 and 8) were of both supratentorial and infratentorial locations. The majority of the cases demonstrated cerebellar (4 cases) and/or spinal cord (4 cas-es) involvement. All the spinal cord lesions showed intramedullary location.
The mean tumor size was 4.2 cm (range: 3.5-5 cm) in the 6 specified cases. Most of the tumors showed lobulated shape (7/9, 77.8%) and the other 2 showed round or oval shape (Case 6 and 8). None of the tumors had irregular shape. The majority of the cases demonstrated well-defined margin (7/9, 77.8%) and 2 (Cases 2 and 4) showed ill-defined margin. Regarding the tumor composition, 4 cases (4/9, 44.4%) were mainly solid ( Fig. 1 ) and 4 cases (4/9, 44.4%) were mixed ( Table 1 ). The solid portion of the tumors showed iso to low signal intensities on T1-WI and iso to high signal intensities on T2-WI compared to gray matter.
Two of 9 cases (22.2%) had gross calcification and 2 cases had microscopic level calcification. One case (Case 2) had a fat component inside the tumor (Fig. 2) and there was no case with hemorrhage. All the solid portions of the tumors showed contrast enhancement. Only 1 case (Case 3) was mainly cystic in composition and demonstrated multiple small cystic lesions at the time of diagnosis (Fig. 3) .
Dural attachment was present in 2 cases (Case 3 and 8) among 7 specified cases (28.6%). All cases had no or minimal perilesional edema (100%). Associated skull change or brain anomaly was absent in all cases. In addition, combined hydrocephalus (5/9, 55.6%) or syringomyelia (1/9, 11.1%) were presented. Four cases (4/9, 44.4%) presented with metastasis or multiplicity at the time of diagnosis; 3 cases (Case 2, 3, and 8) showed multiple cystic lesions and 1 (Case 9) showed leptomeningeal dissemination.
Diffusion-weighted images were included in 3 cases (Case 2, 3, and 8) and only the mainly solid tumor (Case 2) showed diffu- 8) and the results showed as an elevated choline peak and a reduced N-acetylaspartate peak.
DISCUSSION
In this study, we reviewed cases of infratentorial DIT/DNIT.
The most common pathologic subtype of these tumors was astrocytoma and the most common imaging features were mainly solid or mixed in composition with frequent metastasis or multiplicity at the time of diagnosis.
There is no standard age dividing DIT and DNIT. Since the term 'infant' can be used for children from birth to 2 years old, we divided cases into age groups at this age; most of the patients (8/9) with infratentorial DIT/DNIT were older than 2 years of age in our study.
The typical composition of supratentorial DIT/DNIT on MR imaging is reportedly mixed solid and cystic with the solid portion showing contrast enhancement (6) . Studies with serial comparisons of the DIT/DNIT have suggested that a primary solid tumor could progress to cystic lesions due to cerebrospinal fluid entrapment (11, 17) . In our study, infratentorial tumors also showed similar composition. Most tumors (8/9, 88.9%) showed mainly solid or mixed in composition.
Previously, dural attachment showing enhancement along the dura on MR images was considered a characteristic finding of supratentorial DIT/DNIT (6, 18) . However, a review on DIT/DNIT revealed the absence of dural attachment in 41% of cases (18) . In our study, dural attachment was present only in 2 cases (28.6%).
Therefore, absent dural attachment cannot exclude the possibility of this rare tumor, especially when the tumor originates in an infratentorial site.
Although DIT/DNIT are generally known as benign tumors, there were cases with metastasis or multiplicity at the time of diagnosis (4/9, 44.4%). Three of 4 cases with metastasis or multiplicity in the infratentorial DIT/DNIT showed multiple cystic lesions. Santhosh et al. (11) reported a case of multifocal desmoplastic astrocytoma (Case 8 in our study) and discussed the possibility of both metachronous tumors and metastasis. We also did not differentiate these two in cases with multiple lesions in our study.
However, a previous study reported only 1 case with multiple locations of tumor among 88 cases (1/88, 1.1%) of general DIT/ DNIT (18) . The high proportion of metastasis or multiplicity in our study could be due to a selection bias. Moreover, no cases showed recurrence or death during the follow up in our study.
Further study to determine differences in frequency or characteristic finding of metastasis or multiplicity between supratentorial and infratentorial tumors is needed with a larger number of cases.
Infratentorial DIT/DNIT should to be differentiated from pilocytic astrocytoma and medulloblastoma. Pilocytic astrocytomas most often have a large cystic portion with a solid mural nodule (19) . Most of the medulloblastomas show iso to low signal intensities on T2-WI (19) . However, most of the infratentorial cases in our report were mainly solid or mixed in composition and had signal intensities of the solid portion that were iso to high on T2-WI. This signal on T2-WI can be interpreted by rela- 
